Considering Thailand as one of the largest agricultural countries, the requirement of transportation infrastructure should not only be limited to accommodate general traffic but also the transportation of crops and agriculture products during the harvest seasons. Recently, the Thai Government initiated a plan to construct a network of reservoirs within the northeastern region, aiming at improving existing water irrigation system particularly in the areas where the effective irrigation system is needed. It is expected to bring in the opportunities to expand the cultivation areas, increase the economy of scale and enlarge the extent market of area. As the consequences, traffic impact assessment needed to be studied to assure the service quality of the related transportation facilities. This paper proposes the traffic impact assessment approach of a large-scale water irrigation project that affects the regional road infrastructure network. The study takes production capacity, size of cultivation area, and harvest seasons of each crop or agricultural product into account. The expansion of the water irrigation system for the northeastern of Thailand has been used as a case study.
INTRODUCTION
The initiation of a new infrastructure and the need of transportation have been known as the common concomitance. Transportation requirement generally derives from the demand generated or attracted by the initiated infrastructure. The basis of demand forecasting usually applies the characteristics of the infrastructure such as the number of households, the average number of persons per household, area floor spaces, number of parking spaces, types of activities, etc. as influencing factors. In order to assess the service quality of the related transportation facilities within the influence areas, the level of infrastructure utilization which is represented by a ratio between transport demand and network capacity must be determined. Given that the level of service (LOS) of transportation facilities is to be maintained at its standard, the prioritization of transport network improvement should be in line with the assessed LOS. This process is defined as traffic impact assessment.
Considering Thailand as one of the largest agricultural countries, the requirement of transportation infrastructure should not only be limited to accommodate general traffic but also the transportation of crops and agriculture products during the harvest seasons. Recently, the Thai Government initiated a plan to construct a network of reservoirs within the northeastern region, aiming at improving existing water irrigation system particularly in the areas where the effective irrigation system is needed. It is expected to bring in the opportunities to expand the cultivation areas, increase the economy of scale and enlarge the extent market of area. As the consequences, traffic impact assessment needed to be studied to assure the service quality of the related transportation facilities. This paper proposes the traffic impact assessment approach of a large-scale water irrigation project that affects the regional road infrastructure network. The study takes production capacity, size of cultivation area, and harvest seasons of each crop or agricultural product into account. The expansion of the water irrigation system for the northeastern of Thailand has been used as a case study.
The concept, supporting backgrounds, and objectives of region-wide water irrigation project are described in the next section. The approach to estimation of the change in transport supply and demand corresponding to the initiation of region-wide water irrigation project is described in section 3. Change in cultivation areas between pre-and post-project implementation, harvest seasons, productivity, distribution channels and transportation network for each crop, are also incorporated into the investigation. Finally, the assessment of traffic impact of the corresponding change in transport demands on the regional road network is described in section 4.
THAILAND NORTHEASTERN WATER IRRIGATION PROJECT
Although, Thailand is one of the largest agriculture countries, however the cultivation relies mostly on rainwater. The service area of the existing irrigation system is only within the boundary of dam catchment areas, whereas for the others, the demand for water is still immense. The northeastern region, where most farmland is contained, is facing a problem of inaccessible irrigation and insufficient water in some parts of the region. Such problem leads to unproductive cultivation areas during the harvest seasons, and finally ends up with drought areas. The problem of unproductive lands reduces the income and quality of life of the local people and is realized as a major cause of poverty in the region. In order to relieve the problem, the Thai Government proposes a grant for the provision of region-wide water irrigation. The objective of region-wide water irrigation planning is to expand the existing irrigation network so that the agriculture land can be cultivated productively throughout the year. According to the study done by the Department of Water Resources, the Ministry of Natural Resources and Environment, the project could expand the water irrigation area coverage from the current 71.40 Million Rais to 104.60 Million Rais 1 . As a result, the productive farmland will be increased significantly with a high productivity of the harvest crops. The consequence is the need of transportation of crops to local distribution centers or elsewhere, domestically and internationally. The proposed water irrigation network will cover 19 critical drought areas of the northeastern region and would result in sufficient water resource for cultivation all year round.
The planned irrigation network for the northeastern region is presented in Figure 1 . 
LITERATURE REVIEWS OF PREVIOUS STUDIES
Rural roads are important to the country economics as they serve the functions of access 1 1 hectare = 6.25 Rais to raw material sources, industrial zones, intermodal facilities, markets, and gateways. Planning and assessment of level of service of rural roads are unique and different from the practice adopted in urban highway according to the following reasons: -Traffic impacts on rural roads are seasonal. Peak periods occur during crop production and harvesting and holiday seasons different from urban traffic which is congested all year round due to commuting trips.
-Rural households have more vehicles and are more likely to have older vehicles, especially pick-up trucks.
-Rural households account for more vehicle miles of travel with faster travel speed; -The typical vehicle types using rural roads include automobiles, motorcycles, pickup trucks, farmer-owned tandem axle and semi-trucks, farm combines, and farm tractors pulling various types of farm equipment. Other vehicle types include commercial trucks, garbage trucks, and school buses while most vehicles using urban roads include sedans, motorcycles, van and buses.
The evidences supporting the above arguments appear in Sebaaly et al. (2003) , USDOT (2005) ; while some studies focus on rural road management including Anderson and Sessions (1991) , Tolliver et al. (2011) , Babcock and Alakshendra (2012) ; only a few focus on how seasonal effects impact traffic loading onto rural road network such as Kansas DOT (2009).
The study on how to conduct traffic impact assessment of large-scale water irrigation project is very rare and remains as a gap in knowledge.
RESEARCH METHODOLOGY
From the Thai Government region-wide water irrigation project as described above, it can be seen that there is a need in demand analysis of the forecasting traffic due to the transportation of the harvested crops. Research methodology as shown in Figure 2 begins with product classification and clustering. For each crop, annual crop harvested can be estimated by multiplying harvest area with productivity. Adjusted by seasonal factors, peak-season crop harvested can be determined. Generally, each crop cannot be consumed without processing. Therefore, the process of each crop and conversion factor must be identified to convert the quantity of crop harvested into process goods which is delivered to various market segments including domestic consumption and exports via borders and gateways. Investigation of modal share and load factors of each processed goods allows planners to identify truck movement and the assigned transport routes. The assigned truck movement combined with background traffic are converted into Passenger Car equivalent Unit and compared with the road link capacity to conclude how much road space is occupied which reflect the level of service of that each particular link.
Figure 2: Research Methodology
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Harvesting Forecast
Since the expansion of the irrigation system in the area leads to an increasing of the overall harvesting, the analysis of crops zoning, production and harvesting seasons is required for further traffic demand forecasting. In this study, those issues have been analyzed by the Department of Water Resources. The crops which are selected for this study are based on the top produced crops of the region which are rice, rubber, sugar cane, palm and corn. The In addition, the forecasted cultivation land for each type of crops by provinces is summarized in Table 1 . The forecast of crop production as presented in Table 1 is used in estimating the number of additional truck traffic to the road network. In the next section, the method used in the estimation will be described along with the results of traffic demand, distributed to the road network. The expansion of the agriculture land after the new water irrigation network is in effective presented in the previous section, however, each crop has different cultivation and harvesting seasons. Therefore, to reflect the real crop transport demand, the analysis of the traffic demand is needed to be considered on the monthly basis as shown in Equation 1.
where VM i is the total production of crop type i in month M (tons) P i is the production rate of crop type i per rai in that month (tons)
A i is the agriculture land/area of crop type i M i is the number of months its harvesting period of crop i
Transport Demand Forecast
The forecasted crop production, the harvest seasons and its area of cultivation has been analyzed provincially to determine the monthly agricultural output. This output is then distributed to the potential destinations including, domestic and international gateways. This study assumes 15 tons truck load in calculating total number of truck traffic. Therefore, for each type of crop i, the forecasted truck demand can be determine by Equation 2.
where T i is the total truck traffic for transporting crop i in month M (trips/month) VM i is the total production of crop type in month M (tons) According to Thailand's exporting statistics for agriculture products, crop product is consumed domestically at the average of 30 percent, except the rubber which is 100 percent export. For the domestic demand, the traffic is being distributed to the target distribution centers or local industrial zones related to the processing of particular products. The rest is being transported to the international gateway such as deep sea ports or international borders for exporting.
Domestic Demand
As described, the domestic demand of 30 percent except rubber is to be distributed locally. Therefore the target destinations for domestic use of the product are determined based on national consumption. The distribution of the raw agriculture product firstly designated to the local factories for processing. For example, the raw product of rice is firstly distributed to the local rice mills and packing stations. The average weight proportion of milled and un-milled rice is used to calculate the net weight of the rice output. Since the major distribution centers for national consumption are located in the central region approximately in the vicinity provinces around Bangkok, the transport route used in determining the distribution of traffic are the major highways to the region described. The products analyzed in this study including rice, corn, palm, sugar cane and rubber. 
External Demand
The concept of the external demand is based on the assumption that there is an international demand of goods for exporting. The external demand is assumed to be 70 percents of the total production and is distributed to the highway network and intermodal facilities within the region. Because, most of the export is designated to the Europe, USA, East Asia and Japan, the final destination of the external demand is mainly the deep sea ports in the eastern region. The proportion of 70:30 as the estimation of the modal spit between road/rail transport studied by the Office of Transport and Traffic Policy and Planning is used to split the demand by mode for each destination. The distribution of additional traffic demand to the major road network designated to Thailand's international gateways can be summarized in 
Traffic Impact Assessment
From the forecasting of domestic and external demand, the additional truck traffic is combined with other background traffic that is not related to additional crop harvest from the project. The background traffic needed to be averaged daily from the traffic collected throughout the year technically called Annual Average Daily Traffic (AADT). The combined traffic demand to be distributed into the road network somehow needed to be converted into a unified passenger car equivalent unit (PCU) using a so called PCU factors as each type of vehicles occupies different amount of space on the road. Typically a car, a truck or a bus, and a motorcycle have 1, 2.5, and 0.33 PCUs, respectively. The distributed traffic into the highway network is used in analyzing the traffic impact of the project. The average growth rate of the region is used to determine the 10-year future demand as the pre-implementation traffic demand. By comparing pre-implementation and post-implementation traffic, the traffic impact of the project could be assessed.
According to the highway capacity manual (2000), the 'capacity' of the facility is defined as the maximum amount of traffic that the facility can carry under prevailing conditions of geometry, traffic mix and location and the Level of Service (LOS) is defined as a qualitative measure that describes traffic conditions in term of speed, travel time, freedom to It is noted that since traffic demand relies on the type of crops cultivated in each sub-area and harvesting seasons, the impact is assessed on the monthly basis. For each highway section, the results during the critical month are used to determine the impact to the road network. The example of traffic impacts on road network during its critical month is presented in Table 5 . From the results, it is seen that although the region-wide water irrigation project coverage area largely covers the agriculture land in the northeastern region. The impact of the increase in crop transport demand on road network is not significant. It is noted that the highway sections analyzed in this study are mostly the inter-city highway which function as a linkage between provinces or as a regional highway network. Therefore, the designed capacity of the highway network is quite high while the general traffic demand is relatively low.
However, Table 5 shows that there are some of the highway sections which consist of the Highway No.2 section 1000 and Highway No.12 section 1602 that post-implementation LOS dropped from LOS A to D. This is because the former is the major linkage between Khonkaen City Center and Udornthani which generally accommodates already high traffic demand. The latter section, Highway No.12 section 1602, links between Khonkaen City and Chumpae District which is one of the most popular residential areas. It is noted that in term of location on the overall network, Khonkaen is one of the biggest cities located in the heart of the northeastern region. Avoiding this part of the road network when traveling from the north and the east of this region would be very difficult. Therefore the combination of high background traffic demand and additional traffic from agriculture products highly affects highway sections' V/C. 
CONCLUSIONS AND RECOMMENDATIONS
This paper demonstrates the method of traffic impact assessment for an area-wide water irrigation project that affects the regional traffic demand. The expansion of water irrigation system for the northeastern of Thailand has been used as a case study. Since the demand for transporting crops varies across the harvest seasons, the demand is needed to be estimated on month by month basis. The harvest season of each crop is considered for analyzing the transport demand, distributed to each road section on the network. The estimation of traffic demand related to the cultivation involves trips generated by the local processing of the agriculture products and distributed to the distribution centers. These trips are referred to as domestic traffic demand. The study also estimates trips related to the external demand or exporting trips. For Thailand agriculture products, the exporting trips are assumed to be distributed to the deep sea port located in the eastern part of the country. The combination of both domestic and external demand is used to determine the V/C and LOS of each highway section. The critical highway section where the LOS reaches the unacceptable stage will require a plan or scheme of traffic management similar to typical traffic impact assessment practice.
